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REPORT OF COMMITTEE. 

Philadelphia, N<mmii^l&j-1918y\','. 
Me. Frank McManamy, . , " ' ' ' 

Assistant Birei^or, Division of Operation, .' , .•}. : ::- • *;.- i',: . 
Ohairman, Committee on Standards for Locomo^ves and Cars, 
United States Sailroad Administration, 

Washington, D, C. 
Dbab Sib: Your conunittee, to whom was assigned the question 
of the use by the United States Kaiboad Administration of the 
corrugated locomotive fire box invented and patented by Mr. William 
H. Wood, of ]^^ia, Fa., aubmita the following report: 

The Wood fire box, so far as we can learn, has been tried in five 
locomotives, viz, three 2-8-0 type on the New York Central, one 
10-wheel type on the Atlantic Coast Line, and one Atlantic type on 
the Union Pacific. 

All of these boxes have been withdrawn because of defects after a 
comparatively short life. 

Other Wood fire bosea have been designed or constructed but not 
put into use. 

Of the many claims made by the inventor, the following seem the 
most important: 

1. Flexible construction ao that the box can freely expand and 
contract without injury to itself. 

2. Great reduction in the number of stay bolts and consequent 
reduction in the number of bolts broken. 

3. A construction very much stronger than the standard one 
(stated to be eight tuuea as strong). 

4. Economy in fuel due to increased fire-box heating surface. 

5. General reduction in cost of maintenance. 

CONSTRUCTION. 

The construction is in general the same in all of the applications 
made by Mr. Wood, viz: The corrugations run from a little above 
the mud ring on one side clear around to the mud ring on the other 
side. The stay bolta in the corrugated surfaces are on the bends of 
the corrugations next to the fire, bo that the ends of the stay and 
crown bolts are exposed to the fiercest blast of the fire. The reduc- 
tion in the number of stay bolts is effected by increasing the spacing 
between the bolts to from 5 to 5J^ inches, as compared with the 
usual distance of about 4 inches. This means an increased area 
supported by each bolt, and bearing in mind that the outer wrapper 
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4 FI.EXIBLB FIRE BOX A2TD ITJBB PIAXE GONSTBUCTION. 

Bheets are in all cases flat plates of the usual fonn, it is difficult to 
see how the claims for increased strength are to be maintained. 

The back sheete of the fire boxes are in all cases flat stayed surfaces 
of the usual form. The tube plates, both front and back, differ 
_ from the usual fprm in having a deep corrugation running entirely 
_: ajoun_({\tiii;gr<ji5) of tubes, the corrugation in the front sheet being 
, 3i{ite.cl93e to (he -inside of the ahe]l. These corrugations are away 
r-from- the* Er?rW((l. their purpose is to provide for any necessary ex- 
pansion or breathing of the tube sheet. The throat sheet and that 
part of the tube sheet below the corrugation is of the ordinary form. 
In the New York Central boxes the dimension of the tube sheet 
over the flanges is greater than the dimension across the corrugations 
in the side and crown, so that to replace l^e tube sheet it would have 
to be dropped down, a difficult operation even if possible at all, 
concerning which possibiUty there is difference of opinion. 

In the appendix will be found (letter Oct. 7, 1918) a discussion 
by Mr, Purcell of the construction of the Wood fire box, in which in 
general the committee concurs. 

WOOD FIRE BOX ON THE NEW YOBE CENTRAL. 

Three consolidation locomotives on the New York Central were 
equipped with the Wood fire box : 



No. 


Applied. 


WitMr»wn. 


MOeage. 




'£B 


Deo. 7,1912 
aSJ: 10;i»12 


Ufta. 















All of these boilers are still in existence at Depew shops. Al- 
though the sheets are more or less rusty, they bear plain evidence 
of persistent leakage around the stay bolts, and still more so around 
the button head crown bolts. The cracks seem to be more in the 
horizontal direction than in the vertical. The fire ends of the stay 
bolts appear to have been frequently calked. The corrugation 
around the tube sheet is in each boiler badly cracked from the water ■ 
side, and in one case is plumed with copper. While not in a danger- 
ous condition, the boilers are certainly unfit for service. 

Unfortunately the early part of the life history of these boilerg 
was lost in a fire at the office where it was on file, but the data which 
is available, dating to October, 1910, shows that at that time crack- 
ing aroimd the tube sheet, at the arch tube holes and around the 
stay and crown bolts, was becoming quite frequent. The accumu- 
lation of scale aroxmd the crown and radial stays was also giving 
trouble, the position of the stay bolts interfering with the proper 
washing. 
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ptaaiBU! FntE box and tube plate ooNSTEXJomoir. 5 

While tlie locomotiTes w^^ still running, and about a year before 
they were withdrawn, two of the three, viz, Noa. 2481 and 2494, were 
examined and reported upon by the chief stay bolt inspector of the 
Penneylvania Railroad at Buffalo, who noted the cracking around 
the tube sheet and the leakage at the bolts. 

Photographs of the water side of the tube sheet show how badly 
the corrugation around it had cracked. 

The only point upon whidi these boilers showed any superiority 
was in the number of broken stay bolts, but it is to be noted that 
the total life did not extend to the period when heavy breakage 
would ordinarily be expected. 

WOOD FIHE BOX ON THE UNION PACIFIC. 

The Wood fire box was applied to one Atlantic type locomotive, 
No. 20, April 14, 1910, and removed May 1, 1912. 

A careful personal inspection was made by Mr, PurceU and a rep- 
resentative of Mr, Bentley, These reports are appended. The gist 
of them is to the effect that the crown and side sheets have a total 
of 202 cracks, of which 51 are plu^ied. The comigation around 
the tube sheet has acted very much as it did in the New York Cen- 
tral locomotives. These reporte are in general in line with that sub- 
mitted by Mr. Bentley, which is also appended. The Union Pacific 
records show that a leak^e around bolts b^an within six weeks 
after the engine with the Wood fire box was put into service, and 
these leak^e reports continued during the life of the box. Crack- 
ing was not reported until the box had been in service eight months, 
after which the number reported rapidly increased. 

A noticeable feature of the behavior of the tube sheet was the 
development of a secondary corrugation running around below the 
original one. 

The total mileage of the fire box was 135,958 miles. The average 
of engines with the same water conditions, during the same period, 
was 224,331 miles. 

In the case of both the Union Pacific and the New York Central 
locomotives- the water conditions were bad, but no worse for the 
Wood fire box than for the standard design. 

WOOD FIEE BOX ON THE ATLANTIC COAST LINE. 

Atlantic Coast Line locomotive No. 1019, equipped with the 
Wood fire box, was placed in service September, 1912, The first 
cracking in the fire box was reported in April, 1915, and the box 
was removed fr6m the locomotive in December, 1916. 

The history of the development and location of the cracking and 
of the continual leaking is very much the same as that of the others 
already reported. 
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6 FLEXIBLE FIBE BOX AND TUBE FIATE OOHSTBUCIION'. 

The life was bat four years and three mouths iu a good water terri- 
tory, where the ordinary life is from 10 to 12 years. If the Wood 
box is to give satisfaction anywhere, it should have done so on the 
Atlantic Coast Line, where the water conditions are excellent, prob- 
ably inferior only to the same conditions in the New England States. 

OTHER DATA. 

Your conuuittee submits print showing back head of locomotive 
of the Lancashire and Yorkshire Railway, England, whose locomo- 
tive superintendent, Mr. Oeorge Hughes, advises that this form was 
extensively used to facilitate the application of fire boxes, but that 
the cracking became so bad in corrugation they were obliged to 
replace it with the ordinary back head. 

Everything goee to indicate that a corrugation of this kind in a 
large sheet takes the hulk of the breathing, to ita own destruction. 
In the case of the back-fine sheet the working of the flues always tends 
to stretch the sheet, frequently causing bulging. In the Wood box 
this bulging is reheved by the bending of the corrugation, which 
probably explains the large cracks on the water side of the bead. 

It may be asked why this design of fire box has performed so badly 
in locomotives, while the corrugated box is in general use in marine 
boilers of the Scotch type the world over. The probable reasons are 
that the marine furnace is truly circular and the corrugation is 
principally to stiffen the box against external pressure, in order that 
furnace stay holts may be entirely omitted. It is also to be remem- 
bered that in marine practice the rate of combustion is much slower 
than in the case of locomotives, and the feed water is condensed, the 
main impurity being due to condenser leakage. 

ECONOMY. 

llie claims to economy are not founded on any extended data. 
The only data that your committee has seen is that from two roimd 
trips with one of the New York Central locomotives equipped with 
the Wood box, compared with two round trips with a locomotive of 
the same type equipped with the plain fire box. The. westbound 
trips show in favor of the corrugated fire box; the east bound ones 
show in favor of the locomotive with the plain box. The tonnage 
loading is eastbound, the westbound being to get power in place. 

It is extremely imwise to base conclusions on such limited data, 
especially from a road test where so many variables affect the final 
result. 

There is no reason to expect any measurable difference in the 
evaporative performances of the two types of box beyond that due 
to actual difference in the heating surfaces. Mere change of shape 
does not, so far as we can learn, have any bearing on the efficiency 
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JT;EXIBLE FIBE box and tube plate OOlTSTRTIOTIOir. 7 

of a ^ven heating surface, and the increase in area due to the conn- 
gated as compared with the plain surface is too small to be considered. 
On the other hand, the leakage that has appeared with every one of 
the Wood boxes is a direct source of loss, enough, in our judgment, 
to offset any increase in econoiny due to constructioD. 



On the score of safety your committee has no evidence based on 
the service of these fire boxes. Fire-box failures are practically all 
due to neglect in operation or muntenauce, and in the vast majority 
of cases are due to low water. It does not appear that any of these 
boilers have been subject to low water, and the lives were entirely 
too short to reach the stage where neglect in nuuntenance would be 
the cause of failure. In most cases of failure by low water the failure 
is partial, the overheated sheets pulling from the crown stays, usually 
with resulting drop of the crown sheet and frequently distortion of 
the roof sheet, the dischai^e of the contents of the boiler through the 
opening reheving the pressure and dampening the fire. In the 
absence of direct evidence it seems futile to speculate as to just what 
would happen with the Wood fire box in the case of low water. It 
would probably depend on the extent of the overheating whether 
the corrugated roof went down. This much is to be noted, viz, 
that the external shell of the Wood fire box does not differ from the 
ordinary combination of flat and curved surfaces. The strength of 
any stayed surface is primarily that of the stays, provided the 
surface between the stays is not ao extensive that the plate fails by 
bending. 

With the stays pulled through the inner sheet, the ultimate 
destruction may be the collapse of the inner fire box or the explosion 
of the outer wrapper, or both. 

We believe that the location of the stays in the bend of the corru- 
gation tends to overheating, and owing to the depth of the corru- 
gation and the partial inclosur© of the end of the bolt in this corruga- 
tion, the tendency to accimiulation of scale is greatly increased and 
the difficulty of removing this accumulation is also increased. This 
is borne out by the experience with the Wood box, the condition 
described having been very noticeable. In this respect we are 
decidedly of the opinion that the method of staying the Wood fire 
box is bad because the location of the bolt in the sheet is just where 
the maximum motion takes place and just where its presence in- 
creases the difficulty of proper cleaning. In addition, we are of the 
opinion that the increase in the bolt diameter, made necessary by 
the greater spacing of the stay bolts, is objectionable on account of 
the ino'eased heating of the bolt and the difficulty of dispersing the 
heat. 
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FAOnjTIES. 

The point is made bj Mr. Wood in his affidavit, transmitted to the 
committee by you, that from lack of proper facilities the New York 
Central fire boxes were constructed under very great difficulties, 
requiring from 500 to 600 heats to each box. This may be true and 
the performance may not have been that obttunable with boxes made 
under the best conditions. On the other hand, from the repair 
standpoint it may be presumed that the f acihties were at least as good 
as those of the ordinary railroad shop, and the committee feels that 
the difficulties described by Mr. Wood fairly represent the conditions 
with which a road would have to contend in replacing the sheets of 
the Wood fire box. 

OOHOLUeiONS. 

Your committee is very decidedly of the opinion that the Railroad 
Administration should not apply any of these fire boxes for the fol- 
lowing reasons: 

That the economy claims have not been proven. 

That the life to be expected, based on the best performances, is 
very much less than that of the ordinary form of box. 

That the time out of service will be very much greater than with 
the ordinary box. 

BeTiemngjire boxes.— The fire box of a locomotive is one of the parts 
which usually has to be replaced several times during the life of the 
locomotive, each renewal involving considerable delay and expense. 
We believe that it would be a great mistake to add to the difficulties 
an^ expense of these renewals without positive evidence of benefits 
from the proposed construction. 

Repairs of fire boxes. — The expense of preparing the necessary dies 
to form these boxes would be a very serious item of cost, and shops 
not having these f acihties would experience great difficulties in making 
necessary repairs. Even patchii^, which with the ordinary box 
offers no great difficulty, would be an extremely difficult matter 
where the patch had to be clapped on to the corrugated surface. In 
the boxes observed, attempts had been made to correct service defects 
by autogenous welding, but without success. 

Your committee does not believe that there is sufficient advantage 
in ibia form of construction to compensate for the above-mentioned 
disadvantages. 

Respectfully submitted. 

A. W. GiBBS, 

CJiaimtan, 
John Pukoell, 

Member. 
H. T. Bbntlet, 

Memier. 
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APPENDICES WITH REPOBT ON WOOD'S COBRVGATED LOCOMOTIVE 
FIBE BOX. 

CoNaTBn<?noN. 



WOOD mtX BOX ON THE NSW YOBK ONTKAI.. 

Letter October 9, 1918, Mr. A. J. FHee to Mr, A. W. Gibbs, with photographa show- 
ing the water side of the tube aheeta of the three locomotives equipped with Wood 
fite boxes; and reports (nine) from October 22, 1910, to November 13, 1912, of the 
Performance of the Wood boxes; also reports August 25 and September 21, 1911, 
signed by Mr. Wood, of inapectionfl of Wood fire boxes on two New York Central 
locomotives. 

Reports Auguat 31 and Septembo' 23, 1911, of examinations by Pennsylvania Bail- 
load inspectors of Wood fire boxes on New York Central locomotives. 

Letter September 14, 191S, Mr. H. L. Ingeraoll to Mr. A. W. Gibbs, with report and 
statements covering so-caUed comparative tests of Wood &e boxes on the New Yoric 
Central; records of stay bolts supplied and other work done on Wood fire boxes; and 
digest of Wood fire box aituation on New York Central. 



Letter from Mr. John Purcell to Mr. A. W. Gibbs, September 11, 1918; report of 
peieonal inspection of Wood fire box of Union Pacific engine No. 20, together with 
photographs (11) ahowing preaent condition; memorandum of reports from Union 
Pacific files on the performance of the Wood fire box while in service, showing the 
development of defects; and sketch showing distortioii of £ue sheet below main 
corrugation. 

Letter from Mr. H. T. Bentley to Mr. Frank McManamy, September 4, 19IB, inclos- 
ing report of Mr. T. F. Powers, general foreman, boiler maker, Chicago & North 
Western Bailway, on inspection of Wood fire box of Union Pacific engine No. 20 at 
Omaha, August 30, 191S. 

Letter from Mr. R. E. Smith to Mr. H. T. Bentley, April 13, 1918, giving history of 
the performance of the Wood fire box on Atlantic Coast Line engine. 



Letters March 20 and April T, 190S, from Mr. George Hughes, chief mechanical 
engineer, Lancashire & Yorkshire Railway, England, to Mr. A. W. Gibbs, giving 
experience with corrugated firebox shown by print; also copies of correspondence 
between Mr. Wood and Mr. Hughes. 

11 
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12 FLEXIBLE FIKE BOX AHD TUBE PLATE OOSSTBUCTIOH. 

Kboabdinq Wood's Fibe Box. 

Atchisoh, Topkka amd Santa Fe Railway, 

Albuqiurqu^, N. Hex., October 7, 1918. 
Mr. A. W. GiBBS, 

C}aef Mechameal Enginur, 

Pa. R. R., Broad Strtel Statum, FhiladeljAia, Pa. 

Dbar Mr. Qibbb; Further in connection with my lettera of September 11 and 13 
with ref ^ence to the Wood fire hoi. 

There are several featuree of the Wood fire box which, in my judgment, either 
individually or collectively, will operate against a succeeaful and satiatactory per- 
formance of this design of box. 

Firet, the comigatod feature. Wliile we know they increaee the to tal heating surface 
of the corrugated sheets about one-third more than flat sheets of the same dimenmons, 
it is not clear that there is any gain in the heatiogcapacity for the reason that the 
depreeeed parte of the fire box corrugatione are in retreat and on that account do not 
get the direct action of the fisme. 

I am inclosing blue print which shows a line through the corrugations marfced 
"Heat line." All the surface above this line may be fairly considered as receiving 
heat from radiation only, and not very strong radiation at that, because the surface 
below the line must greatly lower the temperature of the beat flowing over it on ita 
way to the fiuee. 

I am also attaching photograph of a burned crown sheet which illustrates, in a 
marked degree, the difference between plate temperatures due to direct contact with 
theheatand thesame plate gettingradiatedheatonly. The photograph shows the top 
row of fine holes closed with sunflower plugs. The light-colored area below the three 
front rows of radiala was in direct contact with the flame, and became red hot. The 
flame left the crown sheet at the third tow of stays and went direct to the top flues, 
leaving the dark-colored portion to get radiated beat only. This is the usual cqndi- 
tion of burned crown dieete except when top flues are close to the flange. The dark 
space, denoting low temperature, is narrow, sometimes extending from the fiiet tow 
of radials to flue sheet, but there is always a front portion of the crown sheet which 
does not get sa hot as the center portion because the flame jumps across it to the 
flues, and there is no way tfds can be prevented in a corrugated box. Therefore, 
notwithatandii^ the increased total heating surface due to the corrugation, it is ex- 
tremely doubtful if tbe heating capacity of such corrugated sheets is increased. The 
projecting corrugations get the full benefit of the flame and as a consequence do more 
work than the depressed com^tions which get heat only from radiation, and on 
account of evaporating more water, heavier scale forms on the water side, which, 
unfortunately, adds to the liability of excessive high temperature of the plate at those 
points. It seems also unfortunate ttiat the stay bolts should be applied in these 
projecting corrugations for the reason that they add to the amount of heat which the 
plate surrounding them is required to take care of. The sketch attached shows tlie 
probable flow ot heat through the stay bolt to the water. It will go the most direct 
way and naturally there will be a greater evaporation and incrustation at the junction 
of the stay bolt with the plate and greater liability of excessive heat on that account. 
In incrustating water this feature is fatal to a corrugated fire box. 

The trenchlike formation of these fire-box plates and the stay-bolt application, 
which greatly ^^javates the conditions, renders it practically impossible to devise 
any practical means for properly washing and cleaning or inspecting the water 
spaces. Hammering the fire aide of the fire-box sheets at frequent intervals must 
necessarily be the only process for removing scale and preventing quick detetion- 
tion of the plates. The depressed corrugations, which do not accumulate much scale 
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FLEXIBLE FIRE BOX AND TUBE PLATE CONSTBTTOTIOK. 18 

and do not need so mucb cleaning, nfttunJly get the full force of the wuihiiig water, 
while the cowugaitionB which project into the fire are remote from the force of the 
washout water, which force is also further broken up by the stay bolta. There are 
only three washout holes on each aide at the tap of the boiler I inspected at the Omaha 
shops of the Union Pacific Co. 

The theory of the corrugations is to also increase flexibility as well as increased 
heating surface. There is no question but what flexibility lengthwise, that is, fore 
and aft, is increased over that of the flat sheets, but the same corrugations add to the 
rigidity of the box vertically, and while the corrugatione are a beneflt in one direc- 
tion, and increase flexibility, they ore a podtive detriment in adding to the inflexi- 
bility vertically. 

The crown sheet of the fire box I examined has two plugged crocks, 107 oocka in 
the right aide sheet, 28 of which were plugged, left has 95 cracks, 21 of which were 
plugged, and probably as many more incipient cracks. These cracks are all hori- 
zontal and all out from the stay-bolt holes, indicating that there is a sufficient bulging 
movement between the stay bolts which, added to the overheating of the plate around 
the stay-bolt holes, crystallizes the metal, and develops this crackii^. It does not 
seem {m^bable that this type of fire box will ever get away from that feature, which, 
in my jui^ment, is also fatal to the successful performance of the box. 

The flue sheet in the box that I examined has a corrugation running all around it 
which, theoretically, should be a benefit in permitting flexibility and preventing 
deformation of the upper flange ot the sheet. I found this top flange cracking on the 
water side about similar to what we now have in the standard flue sheet after three 
or four years service. This refers to the sheets in the heavy modem power in heavy 
service. There appears to be no advantage, so far as the top flange ie concerned, 
over the standard straight flue sheet. The lower corrugation, which is under the flues, 
is badly distorted. It appears as though the sheet was trying to make a new corru- 
gation toward the fire as there is practically an S-shaped, or double corrugation 
developed below the flue area. This was no doubt on account of the slack being 
worked from the top down, that is, when the fiiies were worked they usually started 
working them from the top and the slack concentrat«d at the bottom. Hod they 
Btart«d working them from the bottom it is likely the slack would have gone to the 
top and there would have been more trouble there than is now shown. 

As a general observation, it is extremely doubtful if projecting heating surface 
into the fire in a locomotive fire box will ever become popular. There is too much 
trouble with it. It does more work than the lees prominent parts and must receive 
more core. The arch, or circulating tube, is an example of projecting heating sur- 
face. They must have special care with special fools to get good performance, and 
if the only function of the arch tube was to increase heating surface, the cost of main- 
tenance would greatly exceed their benefit. 

The corrugated side and crown aheela in the Wood's box are somewhat similar to 
the Jacobs-Shupert fire box, that is, the flexible and increased surface feature, but 
it lacks the low-water safety feature of the Jocobs-Shupert box, because it dcpend- 
for its support on stay bolte and radial stays, which are, or will be, afiected by overs 
heating, and in case of low water an explosion tearing out the crown sheet will occur 
just the some as in the flat sheet box, while in the Jacobs-Shupert box the support- 
ing stay sheets are in the steam and water spaces away from the heat of the fire, so that 
while one section may fail there is no probability of more than one failing. 
Yours, very truly, 

John Furcell. 
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The New Yobx Cbhtral Railboad Co., 

HonvE PowBB Dbpabthbnt, 
DepeK, N. T., OetcAtrB, 1918. 
iSx. A. W. Gibes, 

Chief Mtdiamtal Engineer, Penniylvania Railroad, 

US Broad Street Station, 

PhUadelpkia, Pa. 
Deab Sib: Ketemog to your recent visit at Depew conceniiiiglbe Wood boilen. 
We herewith hand you Ute photographs prraused; also copies of Bome coirespond- 
ence which you requested, and which will perhaps prove intereetiiig. 

Rf^rettiiig the delay is fonruding these, which I assure you was entirely unavoid- 
able, I am, 

Yours, truly, 

A. J. FaiBs, 

HKMORAMDinf. 

The New Yobk Cbntbal Railboad Co., 

Dtpevi, N. Y., October 3, 1918. 
Mi. a. J. Fbibb: 

Wood boiler applied to engine 2481 Uarch 6, 1909, removed December 7, 1912, made 
132.305 miles. 

Wood boiler applied to engine 2490 December 6, 190fi, removed Auj^ust 24, 1912, 
made 131,666 milee. 
■ Wood boiler applied to engine 2494 January 9, 1909, removed At^:ust 10, 1912, made 
U4,660 miles, 

T. H. B. 
A. W. G,: 

Date removed is date they were turned out of Dunkirk Works of American Loco- 
motive Co. after being converted to Mikado type. 
Yours, et«., 

A. J. Fbiks. 

New Yobk Cbntral Railroad, 

Wat Albany, October Mt, 1910. 
Mr. J. F. Debits, 

G. S. M. P. &R.S.& X., New York. 

Dbab Sib: Engines Nos. 2490 and 2494, which have the Wood's boilers, are now 
in the Depew ahopB undergoing repairs, 

I inspected these boilers October 21 and found them in flie followii^ condition: 

No. 2490. The corrugation at top of back flue sheet had a crack 24 inches long and 
is at least -ft inch thick, the depth of crack being determined by clippii^ out a section 
of the defective metal. "Rie corrugation at the bottom of the flue sheet is checked 
tot a distance of 42 inches each side of center, the cracks being -^ inch deep in places. 

This sheet will have to be removed unless the defects can be welded with the 
oxygen-acetylene welding process. 

The bottom of the first corrugation back ot the flue-sheet seam at center of crown 
sheet shows signs of dietrees, and I believe it is only a matter of time when a crack 
will develop at this point. 

The stay bolts and radial stays are leaking and will have to be rehammered and 
calked. 

No. 2494. The corrugation at the top ot back flue-sheet has a crack developii^, 
which is 18 inches long and ^ inch deep. 

The com^tion at the bottom of the sheet is checked for a distance ot 42 inches to . 
the right of the center and 36 inches to the left of the center, the checks beii^' about 
A inch deep in places. 
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The small cncks have atarted to develop on the wat«i side at the top of the left 
center water-tube hole. Tbia is just oppoeite from what we have oa ordinary flue 
sheeta, on which cracks develop on the fire side at the bottom of the arch tube holea. 
The stay bolts and radial stays are leaking and will have to be rehammered and 
calked. 
I^e front flue sheets on both boilers are good and do not show any eigne of cracking. 
Scale a inch thick has formed at the bottom <d the corrugation in ciown sheet, 
which proves there is not enough movement in the corrugation to break the scale. 
Youre, truly. 

(Signed) F. A. Linderman, 

Suptrviior o/BoiUrg. 

New York Cbntbal Bailboao, 

Deptw.N. Y., April tS, 1911. 
Mr, John Howard, 

Superinlendrnt of Motive Power. 

Dbab Sir: Beterring to your letter 529-H of February 16, also various correspond 
«nce since then r^arding performance of engines Noe. 2481, 3490, and 2494 equipped 
with Wood boilera, as compared with three engines of a similar claes with ordinary 
toilers, can advise as follows; 

Engines 2487, 2492, and 2499 received overhauling about the same time the Wood 
boilers were placed in service, and were selected for a comparison, which was the - 
best we could do under the circumatances. We, therefore, believe the comparison 
a rather unfair one on account of the i^ of the ordinary boilers as compared with 
the Wood, the ordinary being built in 1904, the Wood in 1908. 

The engines went into service as follows: 



Woodbt 



OrdlDUTtK 



Englna M87, Inly 33, 190^, new Are box. 
Eogine 24W, Jan. 31 , IMS, Dew flra box. 
EngUa »gB, Fab. 12, ISIO, H Daw flee boi 



The coat per mile tor work done on boilers of both classes wae 
)f nine months ending with December, 1910, and is as follows: 
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From the above it would seem at first gUnce that the Wood boilera riiowed a decided 
Baperiority in the matter of broken stay bolta, but attention ia ag«in invited to an 
unfolr comparison aa to age of boilers. 

Afl to coal conmimed we can, of conroe, not ^ve yon any definite figurea, but the 
opinion of oui road foromen is that they decidedly use mora fuel than others, vhicb 
ia caused principally by their constant tendency to leak, particularly, the radial 
stays, practically all of which leak badly with any variation of ateam preesure. 

It baa also been very difficult to keep arch tubes tight, much mora so than with 
ordinary or standard boilers. 

Mr. Linderman made a personal inspection of the Wood boilers in October, 1910, 
to Mr. Deems and we attach herewith copy ot his letter, which in our opinion is a 
clear indication that the life of the Wood fire boxes will be exceedingly short, in fact, 
we believe shorter than the standard box. 

We also beg to call your attention to a public service commisBJoner's nport of engine 
2490 at Suapension Bridge, January 30, 1911, as follows: 

"Engine 2490 has weak fire box and fiues leaking. Engine out of service." 

In conclusion we can not see where the Wood boilera show any advantage over 
the ordinary or standard type, except poasiiily in the matter of fewer stay-bolt 
troubles, and this advantage is so small as to be negligible. 

We certainly would not advise extending the use of the Wood boiler. 
Yours, truly. 

D. 8. M. P. 

Nbw York Ccntru:. Railroad, 

Depew, N. Y., July 7, 1911. 
tti. John Eowasd, 

SuperinUndent of Motive Poieer. 
Dear Sir: It is simply impoeaible to keep the water bars in the Wood boUer 
tight, and I would like your authority to remove them and patch the openings. 
Yours, truly, 
C-Mr. C. H. Hogan. D. S. M. P. 

Nxw Yore Central Railroad, 

Depew, N. Y., July tO, 1911. 
Mr. John HowARn, 

Superintendent of Motive Power. 
Dear Sir: Confirming conversation in my office yesterday, regarding engine 
3494, equipped with Wood's boiler. 

It ia our intention to remove the water bars in this fire box at this shopping, as it 
has been found practic^y impossible to keep these water bars tight, due to the 
expansion and contraction ot the box. 

The same ia true with the other two Wood boilers, and we will also remove the 
water bars from them at the next shopping. 

I might add that the trouble with Uiese bars have been so serious tliat in a number 
of cases we have had firomen letuiM to go out on the engines. 
Yours, truly, 

D. S. M. P. 

New Yohe Central Railroad, 

Dtpm,N. Y.,Augmtt9, 1911. 
Mr. John Howard, 

SaperinUndent of Motive Power, 
Dear Sis; I hand you herewith report from Foreman Boiler Maker Hi. £. J. 
Hennessey regarding condition of boiler and fire box on engine 2494, which, as yon 
know, has a Wood boiler: 
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"I tiave made a penonal inspection oS boiler 2494, now in ahop. I find the back 
flue sheet cracked on the heel of flange on bottom and along ddee for a distance of 
67 inches, 

"The depth Of cntck at deepest point showed about A inch deep. 

"Three cracks on top of flue sheet, not aerious. 

"One crack, 14 inches, top of flue sheet, not eetioua. 

"One crack, 3 inches, top of flue sheet, not serious. 

"One crack, 1}4 inches, top of flue sheet, not serioOB. 

"The left middle vater bar hole showed actack abont !^ inch long; the radial stays 
and stay bolts have been leaking. 

"I find a heavy coating of scale in the corrugation on crown sheet, some of the scale 
about i4 inch thick." 

Yours, truly, , 

DUt. Supt. M. P. 

New Yobk Gbntraii Railboad. 

eeport os bnoinb wns wood boiler ik dbpbw shops pok oeneral kepaiba 
and having tubes fixed oyer in boiler on august 24, iblt. iiabt rbfort 

ocrobbb, ibio. third set op plubs. 

The boiler was thoroughly eicamined internally by C. J. Chester, and Mr. Hen- 
nessey, the New York Central superintendent of the boiler department, jDepew 
shops, on August 22, 1911, and on the 23d by Edward Oldman, boUei maker for 
Fanar & Trefts, who made the boilers, and Fred. H. Snell, inspector for this com- 
pany, Mr. C. F. Pierce, of New York City, Mr. Henneseey and Mr, William H. Wood 
being present. 

The general condition of the boiler was conceded to be much the same as when 
examined internally October, 1910. The corrugation of fire box forming side and 
crown was examined very carefully and found free from any defects. It was noted 
(he crown stay bolts showed having sweated after dumping of flres, but after lying 
on the branch from July 14 to August 21, when she was put in the shops for general 
repairs, it was found Uiat more effective washouta might have kept crown sheet much 
freer from cake scale, same as the sides of the fire boi which were dean. The back 
tube plate was examined carefully and tube holes were found round and in good form, 
not dittoTted — no cracks between bridges of tubes. 

The corrugation. on tube plate encircling tubes were carefully examined by the 
gauge from which they were made, and the center bottom was affected by expanding 
tubes, closi]^ it inward from its shape as much as -^ of an inch. This, witli working 
under expansion and contraction, had caused an extension strain which showed a 
tendency to crack on one part for not more than 5 inches. There were one or two 
places in this part where a penknife blade might be inserted A inch and to the right 
a line 33 inches, to the left one 34 inches, no part of which was Vt inch deep. The 
part referred to as being 5 inches long can be fixed by the oxy-acetylene welder; 
therefore, it was not considerd these would in any way interfere with the working <d 
the boiler until another set of flues are put in, when the same examination can be 
. made again. No cracks were found between brii^es of flues or on any part of the back 
flue sheet except these above mentioned. 

Prom a careful stay-bolt test made by Mr, Chester it was found that two throat 
sheet stay bolts were broken, one on left first row under radius of throat sheet and 
one right, also one stay on each side of fire box at throat sheet end, about at the- 
Ixittom of radius of fire-box crown sheet, also one in right corner of back sheet, and 
four in third row over center of fire doors on back sheet of fire box. These are th» 
103016—19 3 
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only stfty bolts to be replaced since last shopped. The mud ring was exanlined and 
found tight and in firstrclaea condition, as well as stay bolts on outside, which showed 
no appearance of leating on outside wrapper sheet, not did tlie rivete of the boilef 
Bhell. 

The front tube sheet was found in perfect shape, with good flue holes and no cracked 
bridges, the comigatioii coirespondbig with the gauges. 

This data is being carefully noted by Mr. Wood in order that he may correct my 
defecta that might appear in formation of fire boxee and tube plates during this test 
with engines 2481, 2490, and 2494, running on the New York Central between 
Buffalo, Lyons, and Syracuse, under bad water conditions. They started December 
4,1908. 

This report is respectfully submitted by the undersigned. 

(Signed) W«. H. Wood. 

(Signed) Edw. Oldhan. 

(Signed) Frbd. H. Sweli,. 

August 25, 1911. 

Naw YoKK Cbktbai. Bailboad. 

OOBKBOtlD RllPOltl OK EHOIHE U81 WITH WOOD SOILBR IN DEFXW aaOPB rOB OBMUAL 
REPAIBB AJn> TO HATB TUBBB FIXBD OV>B, SEPTBUBBB 11, 1911. LAST BXPOBT 
OOTOBBR, 19W. TBIBD BET OV PLUSS. 

The boiler was thoroughly examined internally by C. J. Chester; Mr. Beimewey, 
Huperintendent of the boiler department of New York Central shops at Depew; lit. 
Edward Oldman, superintendent boiler maker of Fanar & Trefts, Who made the 
boUeiB; and Mr. Fred. H. Snell, inspector for tlii« company, and by Mr. Williain E. 
Wood axtarnally. 

Tile back tube plate was in perfect form and the flue holes in tube plate free from 
any diehMtion at cracked bridges. The corrugatioa on tube plate was somewhat 
axtflnded so that it would not penutt the gavgee to go over it. The bottom part of 
covmgBtion ia the centM showed sune extension, caneed by unequal expansion ahd 
eontiVCtion at this point, due front the dlstoitee from &e bars to lower tubes and cor- 
rugation in these boilers being so restrictsd that nearly 100 tubes, aa well as corrugation, 
are blocted up by dead coal when at work, and the fire also being dead at this point 
is Unble to admll cool air, thua caueing undue stress byexpasaion and contraction 
ef corrugation, as it also did on tube ^at« in boiler on engine 2494. The very samfi 
eondHloBe oceurred, and for a distanoe of 35 inches to left and 34 inches to right a 
tMidency to extennon by irregular lines was noted, just as a sheet would show where 
iTtCrustBtion takea place when such conditKHJs as these exist. This was not coneideted 
BerlouBiRsnopart wasover^lnchdeep. The acetylene weldingprocese can beapplied 
to fuse to anneal this part of the corrugation, which was the only part of the corruga- 
tion affected, and there is no doubt in our minds that when these boilers are shopped 
for the fourth set of flues the conditioDB will not be materially changed. 

The oaly Bt«y bolta aSect«d since laet October are one in back head over left-hand 
door — broken— and one in the right side of throat sheet, first row from bottom of 
ndius— broken. 

There wm ito cake scale on side sheet*, but on some parts over the crown sheet 
It showed aboirt ^ inch or less. Some of the crown bolls showed signs of leaking 
after the dumpiiig <rf fires, but tube holea were not diatmrted, and from the external 
appearance all seame were tight. It was noted this and 2491 were the cleanest boileta 
we have ever inspected, being free from external leaks of any kind and having mud 
rings which were absolutely tight. 

The tube plate in front is as good aa the day it was put in. The back tube plate 
is abo in perfect shape. The flue holes in boiler tube plates are round and free from 
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■ay duUirtion with the exception oi Uiree holes in each comer of hack tube plate, 
Thich are poeeibly ft ioch out of round . 
Thie report is a good one and ia respectfully aubmitted bythe undeia^ed. 

(Signed) Wm. E. Wood. 

(Bigned) Edward Olduan. 

(Signed) Fred. H. Skbll. 

Septbmbbk 21, IMS. 



Nbw Yobk Ckntral EUilboad, 

Dtpew, N. Y., March 11. laig. 
Ifr. A. J. Frigb, 

JMiUait Sup€rinUndmt «/ Motuie Poteer. 

DsAR Six: We giv« yi>u balow copy of letter received from our boilei maker 
Unuan, Mr. E. J. Henaeney, covering tbe conditi(»i of boiler ot engine 2490 under 
date of Murcb 8; 

"OnMudtC, 1912, I made an «siuiua«ti<»i of boiler of engine 2490; found the hack 
flue eheet crocked on the head of corrugation on the bottom and both udes for a 
^ietBBce of i2 inches, and in ane place it wne ciacked ao bad you could put a knife 
falaAe in it a dirtance of full H iach- 

"The radial stays are hea^dly coated on bottom of Btaya where they Bcrew into crown 
«lK«t fully S^ inehea thick; crown sheet ia also heavily coated with acale. The 
sacQB of tiie ctxrogation ia filling «p whb loeoe scale. 

"liielrapt head aheet is O. £., being be«iK>m cracks; the leg of boiler is intting 
qvita had juK »bove the nudtdng mt fiw-bos aide. St»y bolts and radial stays are 
leaking in fire box; mde sheets aie commiencing to develop small checks from stay 
bolts in file box. 

"I would aat secommend the ivriduigiiiif t^ back &ie sheet." 
Yours, truly, 

SupeHnUndent of Shops. 



New York Central Railroad, 

Otwego. N. Y., Jfon* 14, 191t. 
Mr. JoBK Soward, 

Suptrinlendent o/ Motive Power. 

Dear Sib: As requested by you in your lettw ot the 11th insMnt, file 6617-H, 
I jBMWafd b«Uer of engine ^90 M Depew yesterday and find that tb« back flue 
abset joI this ht^ei is badly cracked for a distance of 8S inches in the bottom cor- 
tugation. The ccacks Me ao opened in some places that it is poeaible to insert a 
knife blade }^ inch in same. 

The tc^ corrvgation of back fiue dieet is starting to ctack at different points. I 
sJflo not«d aeveod cracks starting in the vinions between the flue holes in the bottom 
pf the sheet. 

The first corruption of crown-sheet back of fljie sheet has started to check for a 
dJfltiWKe of 14 inches. Tbie defect in crown sheet is not serious, but it wiXl not be 
long before it will work tjuough. 

Owing to the general condition of the sh^et and the crack at bottom corrugation 
being at such length, 1 4o not think it would be advisable to try and weld this sheet, 
AQd would rccQwnend that same be taken out. 

For your information would say that the fire-box sheets are becoming quite badly 
donugated on the water side just above the mud ring. I also noted that the fir«-box 
«b«et6 Are starting to corrugate around liie stay bolta. 
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There are several cracVe from the atay-bolt holee in both lide sheets, which ext«ad 
horizontally, whereas in the ordinary boiler ciacka of this kind are nearly all vertical. 
YouTB, truly, 

(Signed) F, A. Lindebkam. 

Nbw York Cbntkal Rielboad, 

Depew, N. Y., Apnt It, 191i. 
Mr. John Howard, 

Superintendent of Motive Power. 

Dbar Sir: Attached herewith is a letter introducing Mr. J. J, Mansfield, chief 
boiler inspector of the Central Railroad ol New Jersey. 

Mr. Mansfield was given permission to examine the boiler of engine No. 2490 now 
in the shop, and it so happened that Mr. McAllister, chief boiler inspector of the 
Erie, was also here at the same time. They both ecoSed at the idea of puttingin 
a new flue sheet in this fire box on account of the conditioa of the reet of the box, 
and decidedly say that if the boiler was under tiieir supervision they would not 
consider for a moment a new fltie ebeet. 

A decidedly new and interesting development manifeet«d itself, however, by 
this examination, and one which we had not thought of before, which is simply to 
the effect that even if we decided to pUt in a new flue sheet it could not be done 
without removing the entire fire box, and while it might be pomble to remove the 
old sheet (which, however, is very doubtful), a new dieet could not be applied for 
the reason that the sheet is wider than the corrugation on the side sheets, and il 
we attempted to drop it down bythe removal of frames it could not be done on 
account of the angul^ty of the lliroat sheet. The sheet is also wider considenbly 
above the mud ring than at the mud ring itself. 

Consequently a new aheet is entirely out of the question. This for youi infor- 
mation. 



Yours, truly. 



Atwtant Superintendent of Motive- Power. 



Nkw Yobk OsmMUL Railroad, 

Depw, JV. Y., ffovemher IS, I9lt. 
Memo, to Mr, John Howard, 

Superintendent of Motive Power: 

Mr. Wood called here to-day with three rej^eeentatives to examine the three Wood 
boilers now in Depew shcip yard. One of theee reiu'eeentatives was Mr. Oldman, now 
in the boiler business ^t Bufhlo, and who as a tonaer superintendent of Farrar ft 
Tref ts shop in Buffalo built these boilers. 

The gentleman did not have very much to say; was somewhat surprised at the 
amount of opening of the cracks in the back flue sheets and now contends these flue 
sheets have given out about as he expected. I asked him point blank how he could 
renew these flue sheets and he replied that it could be done; that they had made a 
model of the sheets and that they could be gotten out all right. I admitted to him 
that they undoubtedly could be gotten out by distorting them probably, but did not 
understand how they could be replaced, to which he replied that it might probably 
be neceesary to distort them a trifle t« get them in, but that this was a comparatively 
easy matter as they could be warmed up and put back into their original shape after 
being in position in the boiler. 

I«ter it developed that Mr. Oldman told our Mr. Henneesy that they had made 
Bome experiments to see whether these flue sheets could be gotten out or in, but the 
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model thejr used to prove it mm made of pasteboard , and he admitted thftt they could 
not be removed or apjdied without tatdiig the mud ring out. 

The old gentleman was very affable and vtry profuae is hit thanks before he de- 
parted. 

Youre, truly, 



Ths PRHHeiTLVAHIA BAlUtOAS GoifFANT, 

Bufalo, N. T., AugwtSl, 1911. 
Ur. B. N. DuRBOBOW, 

Oerteral SuperirtleTtdent of Motive Power. 
Dkab Sib: Asrequestedinyouimeaeageof the Zlst, we arranged to have an exami- 
nation made of the Wood fire box in New York Central locomotive 2494 at the Depew 
flhopa on August 22, and I attach copy of rep(^ made by Mr. Cbeatw, general stay- 
bolt inspector, also copy of a letter sent to Mr. Oheatet by Mr. Wood, 

Yon will note there seems to be quite a variance between the report submitted by 
enr genend stay bolt intpecbur and the attadied letter fnun Ur. Wood, and it seems 
to me that Mr. Wood intends to use his story of this examination (or advertisuig 
purposee. 

Youn, req»ectfnlly, 

(Signed) Wu. Elhhb, 

8upennUndenl of Motive Pdvmt. 



Olkan, N. Y., AiigVMtti, 1911. 
Hr. J. M. HaiTBT, 

MaaUr Mruhanie, Oltan. 

Drab Stn: On making an examination of ei^ine 2494 at the New Ywk Oentral 
shopa at Depew, I found in makiiig an internal iuspectitm tJut the back flue sheet 
Is cracked on the bottom section in the center of the corrugation, running horizontal, 
measuring from the center of the fine sheet to the left side 33 inches long, and to the 
right 34 inchee long, from my judgment to be about -ff inch and leas in depth, and on 
the top of the sheet in the center of the corrugation, I found three cracks running 
horizontal; one crack 14 inchee loi^, one 3 inchee long, and one 1^ inchee long, but 
theee cracks do not seem to be over -ff inch deep. I also found ^ indi and less of 
scale in between the corrugation on crown sheet, causing all radial stays to leak and 
a number of the stay bolts, counting the stay bolts from the center of crown sheet, 
there were 11 rows leaking each side of the center. 

On. examining the stay bolts, I found two broken and six leaking in the telltale 
holes in the throat ^eet, six leaking in the telltale holee in the door sheet, and tonr 
In tlie side aheets— two on the right side and two on the left side. 

l%ere were a few of the flue holes in the upper comers of the back flue aheet that 
were out of round i>i of an inch, and the sheet is warped ?4 mch on the bottom half. 
All seams in the fire box and annmd the mud ring were in good condition and showed 
no signs of leakage. 
Yours, truly, 

(Signed) Ohas. J. Chihxb, 

Oeneral Slay Bolt Irupeetor. 
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NlW Yom CsHTMkL RUUOAD, 

Uf. B. N. DuKflQBow, 

Qentral Sv.permtenUnt of Motivi Power. 
DxAs Sir: As requested in your meaaage of the 19tb, we hwl Ur. Gbfleter examme' 
Wood fixe box of New York Centml locomotive 3481 at Depew on tbe 21gt instant, and 
attached is a copy of his report. 
Youre, respectfully, 

(Signed) Wk. Eucbr, 

SuptriiUeiuitnt of Xativs Pomer. 

Olban, N. Y., SepUmbtr tt, !91!. 
Mr. J, M. Hbnby, 

Muter Mechanic, OUan. 

Dbar Sis: Oq maUng ui enoiaatkiR of Ifr. Wood's Are box td engine 24S1 *t the 
New Y<h4 Central rfiopa at Depew I foand in making an intental iiMp«cti(« Itmit the 
ba^ tube aheet ia cracked on the bottmn eectioB in the center of Ifa* comeMtion 
running horizontal, meaeuring from the center of the tube aheet to tk» rifiht ride 34 
ittcbea long and to the left 25 inchca long, than a ap*ce of 4 inchee and another crack 
of 4 inches losg. These raacka appear to be about ^ inch aad Imb in depth. Thw» 
were no ngna of cmdn «b top eection of tube sbaet. I alio found A ii^ch and leaa of 
scale in between the corrugation of crown sheet, causing all the radial stays to leak. 
Counting the stays from the center of the crown sheet there were nine rowa ieakiog 
each side of the center. 

On examining the stay botte I found two broken— one in throat aheet, three bolts 
down frtnn the right hand top c<»^er, and one in door aheet, top row, second row frran 
the left side; also five stay bolts leaking in triltale hole — three in right side sheet and 
two in top row of door sheet 

Th«e were a few of the tube holes in the upper comer of back tube sheet that were 
out of round -fj inch, the tube sheet being perfectly straight. All •aatns in fire box 
and around mud ring were in good condition, and showed no rigns of leaking, with the 
eoception of cradc in bottom of mwd ring in IJm tight back oonxr had bean giving aome- 
trouble. It looked to be welded at this comer and had opened up- 
Yews, leepectfully, 

(Signed) Cbas. J. Chebtxb, 

Oenaal Stag Bait Intptelor. 

AuroONA, Pa., September 19. 1911. 
Subject: New Ywk Cenlzal locomotive No. St4Sl with Mr. William H. Wood's patent 

hni laf^-^ "RTaiTiiTiatin n of, 

Ur. R. N. DusnoKOw, 

Ottund Superinlendent of Motinn Powtr, 
DbarSib: I have read the report signed William H. Wood, dated AuKUt3G,.lBU; 
abo copy of r^xot signed by Charles J. Ol^ftet, general atay bolt inspector, dated 
Olean, N. Y., August 24, 1911, as well as lettor addre»ed to you, signed William 
Elmer, dated August 81, 1011 all rating to Wood fire box in New York Central 
locomotive No. 2494. Abo a mea^e to you from Ur. William H. Wood, dated 
Media, Pa., September 19, 1911, and relating to exuniaation of New York Central 
locomotiveeNos. 2494 and 2481, atating that the Utt«r can be examined early Thuraday 
morning next, at Depew Shops, N.Y., by leaving to-night for Depew. I would surest 
that the boilm of this locomotive, No. 3481, be examined and that it be done by Mr.. 
Chariea J. Cheater, who examined the boiler of locomotive No. 2494. 
Youra, respectfully, 

(Signed) A. S. Voot, 

Utehanieal Enfituer. 



■dovGooi^Ic 



siAXiBU noifi tax &hi> tobn nijoti oostixmjras. 23 

Omci OF Rboiohal DiBBCras fiAstaKK Raileoads, 

iVw Yort, SepUmber 14, ISIS. 
Hi. a. W. OibbB, 

(Au/ ifMAanieot Engineer, P. R. R., 
PMtadtljBAio, Pa. 
Mr. John Puxcill, 

AtHttant to Federal Marmger, A. T. <t S. F. S. S., 
Ckieago,IU. 
GHTTLniui: Replying to your respective letters of August 24th, I hand you here- 
with the foUowing pi^ien i^tiw to Woods' firebox: 

(1) Whito ^tisU giving figures from the tait. 

(2) Hetnoruiduin an&lyEiiig these figufea. 

(3) Report of iDspection of fire box. 

(4) Digest of the dtu&tioiL nude by Qmeml Attomsy Lymui for Mr. A. H. Smith. 
Ihis fire box is it Depew, N. Y. 

Yours, v«ry truly, 

H. L. Inqbbsou.. 
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GoHPARATiVB TESte, Nbw York Central & Hudson Rtveb Railroad — Gontd. 
WootTM firt box with arch tubet, venui itandard firt b(xt vnOtoat arch tuba — Contanued. 

RECAFITTJI.AT10N, IMS. 
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Id the per cent dlflerauoe column the standard engine ia taken as the basis of eomparlsm. 

Invoruation Drawn froh Aitachbd Blue-Print Record or So-Cali.ed Tebts 
ON New York Cbntral Railhoad of some Boilers Eotjifped with Special 
Fire Boxes ih 1909. 

The teata conaJBt of two round tripa in freight service on one division. The train- 
loads were not engine mtingB and were not equated for resistance over what is practi- 
cally a level-track division. I can not find how the coal or water were meaaured. 

Tlie tests were made without my knowledge; that is, I did not happen to know of 
them at the time. 

It ia noted from the record that the enginea equipped with apedal fire boxes show a 
total of 22,692 drawbar horsepower hours. In both inatances the record shows more 
horsepower hours in westbound trip with light train than in eaatbound trip with heavy 
train. 

The drawbar horaepower hours with standard fire boxes were 20,136. 

Taking the ton mileage in each case aa ahown, we have &4.4 ton miles per hone- 
power hour with the special fire boxes and 55.3 ton milea per horsepower hour with 
the standard fire boxes. 

At this period, with the claaa of power tested, the standard rating was 3,300 tons 
eastbound trainload. The tonnage actually uaed in theee testa waa, respectively, 
2,839, 2,540, 2,794, and 2,791. In other words, the special fire-box locomotives took 
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2,839 tons and 2,540 tone, a total of 6,379 tons, and the Htandard locomotive took 2,704 
tonsand 2,791 tons, a total of 5,536 tons, in two tripa in each case. 

Unfortunately, the locomotive that had the emalleet tonnage eaatbound shows the 
latgeet amount of running time; that ia, the running time for the two tripa of the 
epecial fire-box loo^notive was 18 houn, 41 minutee and 14 hotuB, 49 minutae, a total 
of 28 honn, 30 minutee and that of the locomotive with the standard fire-box in one 
case was 12 hours 33 minutes, and in the other 12 home 20 minutcfl, a total of 24 houn 
53miQUtcfl. 

Standing time was a total of 6 hours 2 miuut«s for the special fire-box locomotive 
on eBstbousd trips and 6 hours 27 minut«s for the standud fire-box locomotive on the 
two trips. 

You will appreciate that the westbound trains are simply a balancing condition, 
and it has never been the practice to run tonnage trains west because of the ftu:t 
that this would mean the movement of light power. In other wonle, the controlling 
&ctor in the business being east and the loaded movement being east, tonnage tmins 
are run east and what there is to go west, broadly speaking, would be reasonably 
divided up among the number of locomotives returning west to get a balance of power. 
•- When you examine the fuel eonaumption on these eaatbound tripe (where the work 
was really done) you have with the special fire-box locomotive 31,797 pounds and 
31,941 pounds, making total of 63,738 pounds, in order to move east a total of 5,379 
tons. With the standard fire-box locomotive you have for the eastbound trips 27,347 
pounds and 29,922 pounds, or a total of 57,269 pounds, to move 5,536 tons. In other 
words, the special fire-box locomotive used 6,500 pounds more fuel to move 156 less 
tons of freight over the road . 

I have merely analyzed the figures eastbound to show how the point of view may 
differ and may throw a new light on the whole situation. 

I thought you would appreciate getting these 1(^ so that you might have the basic 
record analyzed for your use and for your more complete information on the subject. 

I am told the boilers are at Depew and have not been in service for some years, and 
that the practical judgment of the people who saw the boilers and knew about the test 
was skeptical as to any merit in the design and as to what d^ree of risk might be 
involved in this departure from the standard in view of their previous experience 
with fire boxes. 



Dbpew, N. Y., February tl, 191$. 

Referring to your letter 5211-E of February 9 and returning correspondence relative 
to Wood 'e boilers. We give you below record of stay bolts applied to these boilers and 
other wort done while at the shop. 

These records, however, do not extend previous to January 1, 1910, ss all such 
previous records w^e destroyed in the fire of the office building. 



Boiler applied December, 1908. 

Engine last in shop November, 1910, at which time the condition was as follows: 

Corrugation at back of top Sue sheet has crack 24 inches long and the corrugation 
at bottom of flue sheet cracked for a distance of 42 inches each side of center. 

The bottom of first corrugation back of flue sheet seam at center of crown sheet 
showed at that time signs of distress, and it was our opinion then tiiat crack would 
develop at this point in a. course of time. 

The sheet was repaired by means of the oxy-acetylene process and engine is now in 
Depew shop yard waiting shop in poor condition both as to flues and machinery. 

Total number of stay bolls renewed since application of boiler, 62 , 
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Boiler applied March, 1909. 

Engine last in shop Octobtf , 1911, at which time it showed tlie following condition: 

Two broken and foui fractured stay bolts; one crack in back flue sheet flange 63 
inches long; all button head radial stays leaking badly; right back comer of mud 
ring broken and welded with the acetylene procew; water bare removed and patches 
welded in water bar holes over flue sheet and door sheet; crack in flue-sheet flange: 
also welded by oxy-acetylene process. 

Total numbei of stay bolts renewed since application oi boiler, 36. 

BHOINB -MM. 

Boiler applied January, 1909. 

Lastin shop in September, 1911. 

Back flue sheet cracked in flange 65 inches long. 

Ten broken and 11 fractured stay bolts renewed. 

All radial stays leokiiig badly and recalking and aU other stay bolts in fiie box 
leriveted. 

Water bare removed and patches welded over water bar-bolee on flue and door 
sheets. 

Total number of stay bolts renewed since application of boilers, 60. 

To this we might add that the only favorable thing we can say about the Wood 
boiler is the freedom bwo brokeii stay bolts as compared with the ordinary type. 
This, however, is largely offset by the continuous Jeaking of these bolts as well as 
the radial stays due to die expansion and contraction ol the fire boxes by variations 
of steam pressure. 

You will note that we also removed the water bars on engines 2481 and 2494, which 
was made necessary by the fact that we could not keep them tight, and in one iir 
two instances firemen refused to go out on the engines on account of them leaking. 

Flues do not last any longer than in the ordinary type of boiler, neither do they 
steam any better and neither is there any economy in fuel. 

It ia also our opinion that the back flue sheets in all of them will have to be renewed 
at the next shopping. 
Yours truly, 

(Signed) A. J. Fries, 

A»n»t<mt SupermtendaU of Motive Power. 



Nsw Yoke Centrai. Jc Hudson River ILulboai> Co., 

Depeui, N. T., Novembtrn, 1911. 

TB8T NO. 907. 

Mr. John Howard, 

Superintmdmt of MoHve Power. 

Dbar Sib: Referring to your letter 2219--H of November 16, regarding Test No. 
907, which is the Wood boiler test, can advise: 

These locomotives were operated in through freight service until flues b^an to 
give trouble, when they were placed in local service. 

Engine 2481 passed through the main Hbops in October and since that time has 
been assigned to the BufFalo-Pekin run and has given good service. 

Engine 2490 has been out of the shop about 12 months and is at present on a local 
run between De Witt and Syracuse, not in good condition. 

Engine 2494, which passed through the shop in September, developed a crack, 
in flue sheet and is now out of service. This crack was 65 inches long circumferen- 
tially and was welded with the acetylene process when engine was last in the shop. 
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We can say positively that these engimee can not give any better service than the 
standard, except perhaps that they have not had as many broken stay bolts. Tbey, 
however, have given conaiderable trouble on account of cracks in heel of flange of 
flue ebeet. The flues do not last any longer; in fact, we are of the opinion that they 
do not last as well, as the heads give evidence of pulling off on bottom of boilers and 
on both outside rows on flue sheet, no doubt caused by expansion of flue sheet 

The principal trouble witii the Wood boiler, in our opinion, is due to crown bolts 
and stay bolts leaking continuoudy in fire box, particularly when there is any drop 
inst«am pressure. 
' I give you below the last physical examination and test of engines 24H1 and 2494. 

Engine 2490 is not included as it has been out of the shop about 12 months. 

Engine 2481: Two broken and four fractured stay bolts renewed; one crack welded 
in flue sheet flange 53 inches long; all button head radial stays calked; stay bdts 
in fire box riveted; r^t back comer of mud ring welded; water bara removed and 
patched welded in wat«r-bar holes in flue sheet and door sheet. 

Engine 2494: Ten broken and 11 fractured stay bolte renewed; one crack welded 
in flue-sheet flange, 66 inches long; all button bead radial slays calked; stay bolts 
in fire bos riveted; water ban removed and patched welded in water bar faolee on 
flue and door sheet. 
Yours, truly, 

(Signed) A. J. Fries, 

Dittrict Superintendent of Motive Power, 

Mabch 11, 1912. 
Mb. a. H. Smith, 

Vice Pretident and General Manage. 
DeaeSir: — Withreterence to pendii^ matters with Mr. William H.Wood, president 
■of the William H. Wood Loco Fire Box and Tube Plate Co., I beg to send herewith a 
■draft letter to Mr. Wood for your signature. I have been through the record very 
Carefully, and have been over this letter and the situation with Mr. Howard, and the 
letter meets his approval. 

If it could be coneiBtently done, the preferable course would be, perhaps, to pay no 
Attention to his letter, but he keeps writii^ to President Brown, and I think, therefore, 
we have got to say something to him. 
Very truly yours, 

Alex. S. Ltuak, 

General Attorney. 
March 12, 1912. 
Mr. WiXLiAM H. Wood, 

President, the WiUiant H. Wood Loco Fixe Box and Tube Plate Co., 
Media, Pelmvare County, Pa. 
Dear Sir: — Your letters to Mr. W. C. Brown, with reference to the boilers which 
this company purchased from you, have been retenred to me. The delay in this 
reply is due to the fact that I have had a rather fhorougb investigation made of the 
facts of the case, involving the going over of somewhat voluminous correspondence 
and data. I think the following propositions are distinctly made out from the record 
mentioned: 

1. Theboilersinquestion were purchased from your company on precisely the same 
basis on which we purchase other material used in the maintenance and operation of 
the railroad; that is, there was no agreement that any definite experiments, or tests 
or obeervations should be made of fbe boilers in question, with participation on the 
part of your representatives. Of course, the tact remains that the boilers involved 
some novel principles of construction, and under the circumstances our motive power 
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dapartm^it would naturally deaire to aatiafy itself of tho value, or otherwiee, of Ibe 
device. 

2. I am satiBfied that the experiments, teste, and obserratioiui made of this boiler 
hy tb6 motive power department have been thotough aad fair, and that there haa been 
no ultwioT motive involved, ae perhaps auggeated in some of the correapondence, but 
an lioneat deeiie to aacertain the actual reeulta. 

In connection with the experiments, taats, and obeervationB made, 1 note that your 
representativeB have been shown unusual courtedes, and have been accorded privl' 
l^es which are ordinarily denied the repreaentativea of manufacturers who aell goods 
to this company. 

3. I beg to inclose copy of the letter addressed to Mi. John Howard, superintendent 
of motive power, by District Superintendent of Motive Power A. J. Priea, which 
fairly represents the views of our motive power department with reference to this 
type ol boiler. 

Aa you are doubtless aware, a number of other railroads have sent inquiries as to 
our view of the aup^ority or efficiency of these boilers over the standard type. I have 
not given them any direct information, except to say that repreaentativea of the motive 
power depart.menta of such companiee were at liberty to investigate the locomotives 
for tbemeelvea, and observe their actual performance. I have accordingly treated the 
report of Hr. Fries as confidential, and I assume that, under the circumstances, you 
would desire to maintain the same attitude toward it. 
Very truly youre, 



iNspEOTioN OP Wood's Firb Box. 
Thb Atchison, Topeka & Santa Fb Rahwat System, 

Topeka, Kans,, September 11, 1918. 
Mr. A. W. GiBBB, 

Chi£/ Mechanieal Engineer, 

P. R. R., Broad Street Station, 
Philadelphia, Pa. 
Mr Deab Mb. Gibbb: In accordance with my letter to you of August 27 on the 
subject inapection of Wood's fire bos, which was formerly in service on an engiiie on 
the Union Pacific Bailxoad, 1 visited the Union Pacific shops at Omaha on Saturday, 
September 7, 1918, and bad 11 photographs taken of different parts of the bos, copies 
of which I take pleaaure in handing you herewith. 1 have had shown at the bottom 
of the photographs explanation of the defects. 

I am also inclosing copy of memorandum report secured from files on the Wood's 
corrugated fire bos as applied to Union Pacific engine No. 20. , Thia box was applied 
to the locomotive and went into service on the third district of the Nebraska diviaon 
of the Union Pacific Railroad on AprU 14, 1910, and was removed in May, 1912. I 
asked Mr. Fuller's o&ice on Saturday, the 7th, for some further information regarding 
the test as to water conditions, etc., and they were to have it reach me to-day, but it 
has not as yet been received. As the time ia getting short I thought it advisable to 
send you what information I had and in caeo the other information is received will 
forward it to you promptly. 

I am quoting b^ow some memorandums taken while making inspection of the bos, 
and am also inclosing a sketch showing some additional information in case you do 
not have blue print of the bos: 
At mud ring bos is 66J^ inches wide and 108 inches long. 
From corrugation to mud ting at back, 64 inches. . 
From corrugation to mud ring at fcoat, C6J^ inches. 
Crown sheet is 100 inches long. 
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PLDE SHEEV. 

ThickDen, J^ inch. 

Number fiuefl, 268; di&met«r flue holM, 2 mchea; bridge, ^ inch. 

Flue eie& clear of coTnigatioii 43!^ inches h^h and 64J^ inches wide. 

Corrugation around flue area 1^ inchea deep and 2 inchee wide, which has become 
iiT^ular on account of flue sheet stretching due to flue expanding. 

Variations indicated on figures 1 and 2 cracks in flue sheet. 

Three bottom flue holea have been Bunflowered; 22 cracks H inch to 2^ inchee 
long vertical to the com^tions have developed below the flues, six of which have 
been plugged. 

They have inserted a wedge-shaped patch or support 10 inches long to flue sheet, 
which fita into corrugation on fire dde, which ia held by two stud* presumably to 
protect the cracks from the heat and the wedge to prevent the corrugation from clos- 
ing together. A patch from 10 inches wide has been applied below this wedge ex- 
tending to the mud rii^. This flue sheet has act«d very badly. In addition to de- 
veloping cracks it has started to cormgate in the opposite from the original and they 
are nearly as large, l}i inchee high, as shown on sectaonat figuree 1 and 2 of the sketch. 

Side and crown sheets — in one piece has 21 cormgations G<^ between centers of 
stay bolts. In same stay bolts vertically are 4J^-inch centers. 

Crown sheet has two plumed cracks. 

Right side has developed 107 cracks, 28 plugged. 

Lett side has developed 96 cracks, 21 plugged. 

These cracks are alt horizontal from the ec^ of the stay-bolt holes. There is only 
one vertical crack. It is 3 inches long, and between the stay-bolts in one of the short 
vwtical corrugations. There are no other vertical crocks in these corrugations, which 
suggests that the box is flexible fore and aft; that is, the short way, aboiit 8^ inches, 
and inflexible the long way about IS feet. 

I have not made inspection of the Wood's box located on the New York Centnl 
and do not believe I wUl have an opportunity to do so as it will be necessary for me 
to attend a meeting in Chicago on Friday, the 13th, with Hr. Wilson and Mr. O'Brien. 
Yours, very truly, 

John Pdrcbu.. 

JtUT 24, 1913. 



Special Requisition 524 was placed in August, 1909, for this fire box, at which 
time, on account of some misunderstanding, we hod no formal quotation as to the 
cost of some, and as a result at the time bill For 12.975 was rendered, same was criti- 
cised; however, being unable to check the price, bill was paid. Also the fire box 
was made from Worth Brothers' steel, instead of our standard— Otis steel. Fire box 
was ordered equipped with O'Connor fire door. 

This fire box was applied to engine No. 20, which went into service on the third 
district, Nebraska division, April 14, 1910. 

Hay 24, 1910: Mr. Niland advised fire box has 30 to 40 crown bolts leaking slightly 
in center over arch. Also stay bolts to side sheets are leaking slightly. Flues are 
holding well in sheet. 

June 8, 1910: Mr. Hempel advisee, find that the stay bolts and crown stays ore 
leaking badly. 

June 24, 1910: Mr. Niland advisee all the crown bolts are leaking very badly evoT 
trip and will only hold by calking. Stay bolts to side sheets are leaking in fire line. 
Flues are holding good; no cracks. 
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June 30, 1610: Button head crown stays are leaking very badly, and it will be 
neceesary to hold engine in the shop is the near future and drill off button heads 
and rivet the bolts over ae calkiDg seema to do but very little good. Mr. Hanpel 
makes recommendation that the stay bolts should be in the concave aide of the cw- 
nigation inat«ad of the convex aide of the corrugation. States bo far the Sues have 
given no trouble tod no cracks have developed is any part of the box. 

July 28, 1910: Mr. Niland advises the crown bolts are leaking badly every trip and 
stay bolts to side sheets in fire line are leaking. No signs of any cncks starting as 
yet. Flues are holding out good. 

August 9, 1910: Hr. Eempel adviseH the stay bolts and crown stays leak very badly 
»nd must be continually worked upon as they iooeen up nearly every trip. Mr. 
Hempel would suggest that engine be held in and that ill bolts be redtiven and that 
engine be changed to run either between Cheyenne and Sidney or between Cheyenne 
and Laramie, where water conditions are different. 

August 18, 1910: Mi. Niland states can not bring engine 20 to fourth district as 
can not use her in place of Pacific type engine and have no Pacific type engine to 
put in her place. States Mr. Beery advisee engine is being held at North Platte and 
repairs are being made to crown bolts. The crown bar bolts merely drop water; 
they never run in a stream and never seem to cause any trouble. 

August 25, 1910: Mr. Niland advisee fire box is in good condition and no signs of 
any cracks. Flues are holding .well. Engine is being held lea crown bolts and new 
ash pan. Crown bolts have been leaking badly every trip. Stay bolts to side sheets 
in fire line are also leatdng. 

September 27, 1910; Mr. Niland advisee fire box in good condition and crown bolts 
holding better as we dripped and calked all bolts. Stay bolts to side sheets are 
leaking in fire line under arch. 

October 17, 1910: Mr, Hempel states fire box has given considerable trouble with 
etay bolts and crown stays leaking, It has been necessary to go over engine and re- 
drive them all. Flues up to present time have not given much trouble; however, 
they leaked some. Fire box at the present time has developed no cracks, only 
trouble beit% the leaking of crown stays and stay bolts. 

October 26, 1910: Mr. Niland advisee fire box is in good condition and as yet no 
cracks have showed up. Crown bolts and stay bolts are givii^ us great amount of 
trouble on account of leakii^. Have hammered same up, but tbey will not stay 
tight. 

November 15, 1910: Mr. Niland forwards inspection report of Boiler Maker Fore- 
man Chapman. Fire box sheets are good, no cracks showing. Stay bolts all leaking 
quite bad. Button head stays (of whicb there are six rows) have been calked and 
trimmed off until they assume the shape of % cone-head rivet and are still leaking. 
The radial driven stays in crown, each side of button heads, are all leaking. There 
is not a tight stay bolt or button head stay in the fiie bos. Mr. Niland states they 
are going to apply 120 button head stays and hammer up all stay bolts, also put in 
new driving asle. 

November 23, 1910: Mr, Hempel states it is neceesary to renew all button head 
crown stays. It will also be neceesary to redrive all stay bolts on the fire side. No 
cracks have developed in fire box. 

November 28, 1910: Superintendent at Cheyenne advisee fire box in good condi- 
tion; has no cracks; as yet flues are holding out well. 

January 24, 1911: Superintendent at Cheyenne advisee fire box has started to crack. 
Has J^-indi crack in comer of door-hole flange and another crack l^ inches. Stay 
bolts to side sheets are leaking, nearly every trip and crown bar bolts are leaking, but 
fiues are holding good. No crack as yet to side and crown sheets. Flue sheet good. 

February 17, 1911: Mr. Hempel advisee the O'Connor fire door has eight small 
cracks from 1 to 1>^ indiee long, also one crack, as shown on sketch, 12 inches long. 
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Will hftve to hold ecigine to apply a new door collar. Crack in bottom knuckle of 
flange and, on account of particulu cwnigstion ot sheet, very di£Scult to apply patdi. 
HoTever, at present, crack u not sufficient length to require pluming; also one amall 
czack, about ^ inch long, in left side sheet. Slay bolts and crown stays are leaking; 
have been ever since she has been in service. 

February 24, 1911: Superintendent at Cheyenne advises fixe box has a 2-inch crack 
in back flue sheet to knuckle of flange below flues; has nine cracks 1^ inches loi% 
ttad one 8-inch crack {dugged to door hole. Btay bolts and radial stays leak every 
trip. Somevnall coda have started from stay bolts to side sheets in fire line. Floe 
hold well, but fire box does not hold out very well. 

March 24, 1911: Superintendent at Cheyenne advisee fire box has 13 cracks 2 inchee 
l<a)g and one oack 8 inchee long plugged to door hole. Three cracks to back flue 
dteet 2>^ inches long to knuckle of flange and three small ctackg ^ inch long to 
side sheets. Stay bolts and radial stays leak nearly every trip. Pluee are pitied 
and buiBted. Engine is in shop for new fluee and patches. 

March 31, 1911: Mr, Hempelstatee the O'Connor fire door was applied to engine 20, 
which is equipped with Wood's corrugated fire box, having been in service 11 months. 
This fire door has 17 cracks from K to 1 inch loi^ and one crack 8 inches long. This 
fire door is being cut out and will be shipped to Omaha for your personal inspection 
should you deedre to see same. 

May 24, 1911: Engine 20 has door collar to door hole and four cracks to flue riieets 
below Sues IJ^ inchee long plugged. Side sheets, crown sheet, and crown-bar bolte 
are in good condition. This fn»n superintendent at Cheyenne. 

June 27, 1911: Supwintendent at Cheyenne advisee stay bolts and crown bolts are 
leaking bad every trip. States they will not hold in sheet; has tour cracks to back 
flue sheet 2 inches long below flues. Flues are holding well. It is their opinion 
that the expansioa and contraction in fire box continually looeens the stay bolts 
' in the side sheets. 

May 1, 1912: Mr. Vickroy writes reporting in main ae above of March 1, recom- 
mending that the engine be given a new fire bos. 

May 10, 1912: Mr, Fuller wrifee superintendent at Denver, "Have instructed Mr. 
Hatz to ship back end for engine 20 to Denver." Requested that back end removed 
fnnu engine 20 be sent to Omaha. 

July 2e, 1912: Wood's back end shipped to Omaha. 

August 27, 1912: Mr. Hatz advises Mr. Fuller inspected the Wood's fire box from 
engine 20, and issued verbal instructions to store fire box at Omaha shop so that it 
can be inspected by anyone at any future time. 

August 13, 1913: We advised Mr. William H. Wood that their fire box was applied 
te one of our ermines in April, 1910, and was removed from eervice May 1, 1912, on 
account of fire box failing, due te cracks in side eheete, flue sheets, and door sheets. 
During the time this engine was in service it whs almost an impoesibility to keep 
radial stays and slay bolls tight in the aheets, 

July 25, 1911: Superintendent at. Cheyenne advises fire box has six cracks started 
to side sheets in fire line under arch 1 inch long out of stay bolts. Also has five 2-inch 
cracks to back flue sheet plumed below flues. Stay bolts are leaking at side ^eeta. 
Flues are holding well. 

September 27, 1911: Superintendent at Cheyenne advises stay bolts and crown bolts 
are leaking very badly each trip. Engine has 16 cracks to side sheetsin fire line out of 
stay bolts 1 te 2 inches loi^ not plumed, eight cracks to flue sheet 5 to 4 inches long, 
flve cracks plugged and a pateb te door hole. Fire box is getting in very poor con- 
dition. Can not keep stay bolts and crown bolte tight. 

October 26, 1911; Superintendent at Cheyenne advises fire box is in bad shape, 
having 25 cracks from 1)^ to 3 inches long plugged to flue sheet; 36 cracks, ^ incb 
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loDg, Bome plumed to right aide sheet; 23 cracke, 1^ ischea IoI^;t to left sheet, same 
plusc^. Can Dot keep stay bolts and crown bolts tight; th^ leak badly each trip. 
Had a door collu applied to door hole. 

November 3, 1911: Engine No. 20 left North PUtte on No. 51 night of the 2d (or 
Denver to be put in service on Nortiiem district, Cheyenne to Denver. 

November 7, IBll: Superintendent at Denver adviaea ei^ine No. 20 arrived Denver 
Saturday morning. Fire box has 25 small cracki on the right side sheet and 27 on the 
left side sheet. Cracks extend out from stay bolts and are from H^yi ii^*^ '^ lei^th. 
On the back flue sheet there is a cntck from bottom flue hole to point just above the 
mud rini;, and was plugged on arrival here. 

January 5, 1912 : Superintendent at Denver advises had a great deal of trouble with 
fire box after arrival of engine No. 20 on account of leaks, due to several cracks. Did 
couaiderable plugging, and engineisnowrenderingflrst-claaa service, working ingood 
water district. 

January 27, 1912: Superintendent at Denver advises engine No, 20 rendering good 
service. 

March 28, 1B12: Superintendent at Denver advises that in applying patch to crack 
that extended from the bottom flue to the mud ring on the back flue sheet they 
experienced trouble, as they could not fit the patch to the rec«sB that encircles the flues 
on the back flue sheet. States are having trouble with stay bolts continually leaking 
in file box. Every trip have to calk and hammer up slay bolts and frequently tap 
them out and apply new stay bolts. 

Chicaqo Ann NOKTH WeSTBitN Railway Co., 

Chkago, September 4, i918. 
Mr. Frank MgManauy, 

Manager, Locomotive Section, 
United Stata Railroad Adminitbration, 
Tntmtate Commerce Building, 
Washinglon, D. C. 
Deab Sib: Beferring to our discusmon regarding ^e Wood fire box and the request 
that an inspection be made of the one now in storage on the Union Pacific Railroad at 
Omaha. 
- Am herewith sending you report on this by our general foreman boiler maker, Mr. 
T. F. Powers. 

YouM, truly, 

H. T. Bentlbt. 

Chicago Shops, Augiut SI, S91S. 
Mr. H. T. Bbntlbt: 

On August 30 I made an inspection of Wood's fire box out of Union Pacific engine 
No. 20 at Union Pacific shops at Omaha. This box was applied to an Atlantic type 
passenger engine and was taken out of service on account of the poor condition it was 
in after two years' service. The box was applied and engine put in service April 14, 
1910, and the back end was removed from engine on May 1, 1912. 

An inspection of this fire box showed that it was badly cracked and blistered on 
both aide sheets, and a large number of the cracks out from the stay bolt holes being 
plugged. There are several cracks in crown sheet and some of these plugged. All of 
the stay bolls showed that they had been leaking and had been very heavily calked. 
All the crown bolts showed they had been leaking and very near all of them had been 

The corrugation at bottom of the back flue sheet was cracked in several places. In 
(act, from the condition of this fire box it should have been taken out of service long 
before it was, as it must have given trouble every trip from leaking. 
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I would not recommeud this fire box to be applied to our locomotives for the following 

teasons: 

The back-due ahoet, which is corrugated all the way around outside of tbe flue 
holes, is corragated very abruptly and deep. Corrugation cracks due to expansioa 
and contraction are practically impoaeible to repair on account of the narrowneea 
and deepness of the corrugation. It is imposBible to fit a patch into groove of corruga- 
tion, and it ie impossible to plug same and make it tight; it also would be impractical 
to weld it becauae an operator would be unable to get torch to flow the metal into the 
groove. In fact, when this sheet cracked around the corrugation the only proper way 
to make repairs on it would be to renew eheet. 

My next reason is that tLe crown sheet is corrugated, which is impractical from a 
maintenance standpoint. From the inside, or water aide, the bolts are down in the 
valley of the corrugation, making a very bad mud pocket between every stay bolt, 
making it impossible to wash the mud and scale out. 

The next reason is becauae the stay bolts and radial stays in side sheets and crown 
sheet from the fire-box side are on top of the bill of the corrugation, making it impos- 
sible to keep stay bolts tight, due to the fact tbat they are exposed to extreme heat 
of the flames in the Are box and are subject to much more severe expansion and con- 
traction than if they were in the depressed part of the corrugation. 

My next reason, if at any time it was necessary to renew side sheets on this fire box 
it is almost impossible to do so on account of being very bard to fit, se the corrugation 
in the new side sheet must correspond with the corrugation in the crown sheet, and if 
the side eheets had to be riveted in it would be almost impossible to make a job of 
them. The abrupt corrugation of the flue sheet, especially at the top, makes it very 
easy to be attacked by corrosion and pitting, there being considerable of this at the top 
of the flue sheet of this engine. 

I was talking to Mr. Hempel, general boiler inspector of the Union Pacific, and he 
informed me that this engine b^an to give trouble a few months after it had been put 
in service. The engine was running from April 14, ISIO, to November, ISll, in what 
is known as the third district of the Union Pacific Railmad; this being a bad water 
district, making a total of 19 months for the ei^ine in that district. The corresponding 
service of an engine equipped with a standard fire box in this district would be between 
40 and 4S months before shopping. After November. ISll, the engine was seat to the 
Colorado district, which is a good water district, but gave trouble continuaUy on 
account of leaking, and finally was removed from service in May, 1912. 

One particular reason why this box should not be applied is that I believe that it 
would bum much more coal than an engine equipped with a standard fire box, due 
to the fact tbat it is impossible to properly wash crown sheet, also that an engine that 
continually leaks like this one bums much more coal than one that can be kept tight. 

I sincerely hope that you will not consider applying this type of fire box to our 
locomotives. 

t. f. powrrs. 

Atlantic Ooast Line Bailboad Goufant, 
Ofpiob op Ggnbral SupBkintendbnt of Motive Power, 

Wilmington, N. C, April 10, 1918. 
Mr. H. T. Bbntcby, 

Medtanieal Engineer, United Statei 

Railroad Administration, WaMngtrm, D , C. 
Dear Sir: Beplying to your inquiry of the 10th in regard to service from the 
"Wood" corrugated fire boxes: 

The history of our use of the "Wood" fire box on one 10-wheel engine, and one 
only, is peculiar. Mr. Wood came to eee me some years ago and discussed the merita - 
oE hia box, and asked me to give him a blue print of the boilers of one of our standard 
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enginee. This request yna complied with. Without authority, and without my 
knowledge, he manufactured a fire box, seat it to Atlantic City, and exhibited it aa 
"Atlantic Coart Line Wood's File Box." The impression created on the niiDib of 
some, but without foundation, was that it had been adopted by this line as a standard. 

For a number of years importuned by Mr. Wood to buy thie box, and consistently 
rofuwd, I finally agreed to have it applied on one of the lot of lO-wheel enginea 
coming through the Baldwin Locomotive Works. This was our engine 1019, which 
went into service in September, 1912. 

No unfavorable reports were received from the service of this fire box, not were 
there any stay bolts renewed until April, 191G, when I received the following report: 

"File door ie cracked top and bottomi both cracks 3 inches long; also a crsck in 
crown sheet extending 1^ inches each side of radial stay; and six radial stays leaking 
slightly; flues have been giving some trouble." 

The following report was received September 1, 1915: 

"This engine is now in South Rocky Mount ba repairs and I am inclosing you 
sketch showing where fire-door hole is cracked at the top and bottom ; also one crack 
about 1^ inches long on each side of one of the radial stays in the left side of fire box; 
two small cracks, one on each side of two other radial stays in the same locality. 
On examining fire box from the interior of the boiler, crown sheet was found to he 
practically free from any accumulation of mud. There waa found, however, a small 
amount of scale that had accumulated on the sheet around the ataje. This small 
accumulation of scale was no more than one would naturally expect to find on any 
other crown sheet." 

In November, 1916, the crown sheet of this box was slightly damaged, presumably 
by low water, as indicated by the report of the district Federal inspector addressed 
to the chief inspector, Mr. McMaaamy, and dated Novnnber 26, 1916. Our local 
representativee, however, do not alt<^ther i^ee with the conclusion reached by 
the Federal inspector, as is evidenced by the followii^ quotation from the letter of 
our superintendent of motive power, Mr. Sprowl, dated December 21, 1915: 

" You will recall that this is the engine that 166 crown bolts were found leaking at 
Florence. After bringing engine to South Rocky Mount shop for repairs, we foimd 
11 cracks in the crown sheet, of this engine, extending anywhere from M to IM incbeo 
from the radial stays. We removed these bolts, welded the cracks, and after applying 
hjrdrostatic test Ave mote cracks were discovered, nmUng a total of 16 cracks in all. 

" I am of the opinion that the coirugated crown sheet is reeponeible for the cracks 
in tlie sheet of this engine, from the radial stays tmd crowi] bolts in the fire box, and 
do not believe that we will get satisfactory service out of this crown sheet, and same 
will give UH continuous trouble until same is removed, and I feel that this will only 
be a short time. I think we should look into the changing of this fire box with a 
view of removing the corrugated box and putting s standard box in this engine. 

"After examining these crown bolts at South Rocky Mount, I feel satisfied that 
the damage to this engine was not caused by low water. The expansion and con- 
traction in the com^ted crown sheet is what is cracking the side sheets and crown 
Bheeto from the holes where the radial stays and crown bolts ore applied. On examin- 
ing the crown sheet from the interior of the boiler before romoving the crown stays, 
we found a small accumulation of mud around several of the stays. This mud was 
'in the shape of a small cone, about 2 inchee in diameter and 1]4 inches high, this 
accumulation of mud around the bolts no doubt beii^ due to the bolt leaking, as 
this would cause the mud to gather around the bolt. 

"I am attaching Boiler Form 1, which shows the location of the bolts removed and 
number and location of the cracks. 

" You will note that 13 of the 1& cracks are at the radial bolt holes in Ihe same locality 
- that we found the three cracks when th'" engine was repaired at South Bocky Mount 
shop in August." 
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You will note from the following extract from my reply to Ur. Spronl, dat«d Decem- 
bei 24, 1915, that ■tie are Dot alb^ther Etgreed as to the cause of the damage to tlie 
crawa sheet in November, 1915. 

"I have your letter of the 21at in refereLce to partial failure of the Wood's corrugated 
fire box. I hope that by welding up tlie cracks you will be able to extend the lift 
of this fire box a considerable period. You undentand the only diSerence in this £ie 
box and that of other engines in the same lot is in the Wood's corrugated features and 
smaller number of tubes. When uecessary to replace it, a new box may be ordered <m 
Waycroes shops. You should be earful to specify, in ordering, the number of flues 
and their location to correepond with front flue sheet. Full information can be had 
on this box by application to the mechanical engineer. 

"I am inclined to believe that the cracks in this crown sheet, radiating from the 
<3«wn stays near the shoulder of the fire box, that is where the fire box has the amalleet 
radius, joining the side sheets and crown sheets, are due to the accumulation of mud 
around thebaseof the radial stays, and thattheacciunulationotmudiBdueto thefact 
that the radial stays, passing through the bottom of the corrugation, forme a dam or ob- 
struction to the circulation of the water, carrying mud and other solid material which 
collects around the radial stays. The cone shape accumulation seems to bear out this 
theory, as the diameter of the cone is greatest where the circulation of the water is 
slowest; that is, at bottom of the corrugation, and tbe*diameter is smallest where 
circulation is most rapid. I do not believe, as suggested by you, that the accumula- 
tion of mud is due to leakage of the stay bolts." 

On March 7, 191G, the following report was made: 

"I 1k% to advise this fire box is still in service on engine 1019. The crown bolts are 
still leaking butgivii^no trouble." 

On April 5, 1916, the following report was made: 

"I beg to advise that the crown bolts are not leaking now on engine 1019, but there 
is a crack in the top of the fire door 4 inches long, and one in the bottom of the fire door 
4 inches long. Both of those cracks are continually leaking. Two superheater flues 
are broken at welds and leaking." 

On June 28, 1916, the following report was made: 

"The crown bolts and flues are not leakii^ in the fire box of engine 1019, but the 
cracks in the top and bottom of fire door are continually leaking." 

On August 17, 1916, the following report; 

"We have patched the top and bottom of the fire door; and crown bolts, flues, and 
fire door are now 0. K." 

On December 22, 1916, the foUowingreport was made: 

"This engine has what is known as the Wood corrugated fire box, and upon arrival 
of the engine here it was leaking so bad that it was impossible to keep the en^e alive, 
the leaks were so numerous. We attempted to put the pressure on this boiler with 
cold water, and with 30 pounds' pressure about 40 or 50 little cracks showed up in 
different parte, and especially juat above the fire line and a few up in the O. G. of the 
fire box that would squirt from one side of the fire box to the other. We have cut this 
engine out of service and sent it to Rocky Mount." 

Under date of December 29, 1916, I authorized the cutting of this box out and the 
application of the new standard fire box. 

ifou will note the life of this flre box was about four years, which is a very short life 
for this section of the country; the water and other operating conditiohs are such that 
the fire boxes last from 10 to 12 years and longer; in foct, we have some fire boxes, 
running in high-pressure engines that were applied to the engines when built new 
in 1896. 

My opinion of tiiis flre box is that, while the corrugation of the side sheets probably 
has some effect on the life of the stay holts, it provides flexibility only in a horizontal 
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line, and none v^tlcally, and therefore tbe relief due to tlie cormgattona is only 
partiAI. 

The real defects, in my judgment, in the life of the box comee from the fact that the 
corrugations, instead of prolonging the life of the box, tend to reduce it, due to the 
knucklii^ eSect at the bottom of the comigationa, and that cracke at that location are 
sure to develop earlier than would be the case with flat surfaces. 

Like moet other mechanical officers, I have had some interesting interviews with 
Mi. Wood, who is not easy to convince. 
Yours, truly, 

R. E. SitrTH, 
General SupeHntendent of Motive Fower. 
Witnesses: 

i. T. Wallw, 

Q. S. U. P., Pmnjyiwmio Raihoad Co., AUoona, Pa. 
John Howard, 

8. M. P., New Fori Central Railroad, 

OraTtd Central Terminal, New York, A". T. 



. Lancashire & Yobkshirb Railwat, 

CHisr Mbchanicaii Enginsbr's OmcB, 

Horwick, Lancashire, England, March 10, 1908. 
A. W. OiBBS, Esq., 

Oeneral Superintendent Motive Power, 
Penntyhiania Railroad Co., 
Altoona,Pa., U. 8. A. 

Dbar Mr. Gibbs: In reply to your letter of the 3d March, I have much pleasurp 
in Bending yon firo boi drawing 8757, which probably is the same that your friend 
has sent you, and in addition I send you the following drawinge: 

No. 10033, Belpaire fire box with back plate radinsed inward. 

No. 8014, Boilpr with corrugated fire box. 

No. 2758, Standard fire-hole door. 

I may t«ll you tliat such an arrangement has been in extensive service on our road, 
and the only advantage which it proved was the fact that you could handle your 
inside fire box readily, and hydraulically rivet the back head to the junction of the 
shell. But our experience bas been so wretched in regard to grooving and cracking 
that we have now abandoned this form and gone back to our old pattern, ae shown in 
drawing 10033. I send you camera phatographa of some of these cracks, and have 
also indicated on drawing 8757 their location, and may state that this form of deteriora- 
tion extended r^ht away round the platoe in question. 

As your letter also mentioned corrugations, I thought that I would be quite clear 
and send you a print of a boiler, oi which we have 21 running, with corrugated fire 
boxes, generally known in your country as the Vanderbilt boiler. Here, again, our 
experience is such as to warrant the discontinuance of their use aa they wear out, 
solely on the score of fuel consumption, which probably would not have so acute a 
comparison in your country. 

The boiler maintenance at the fire box end is less than with our ordinary practice, 
because we have expeneive material to deal with in ordinary practice, but this 
economy of maintenance is more than counterbalanced by the extra amount of coal 
consumption. 

YouiB, truly, 

Geo. Hvohes. 
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L&MOASBIKB A YoBKSHiBE Railway, 

Chief Mechanical Enqinber's OnrcE, 

SoTwieh, Laneathve, England, April 7, 1908. 
A. W. GtBB, Esq., 

Qmeral SuperxTUtrtderU Motive Power, 
Ptmaylvania EaUroad Co., 
Altoona, Pa., U. S. A. 
Dbab Sir: Further to my letter of the 20th March, I am now in a better poeitioii 
to underatand the full meaning of your letlfir of March 3. 

Since writing you I have had a communication from Mr. W. Wood, builder oi 
apecial machinery. Media, Delaware County, Pa,, in which he incloaee quite a 
number of blue prints applying corrugated flue sheets to American boilers, etc., 
And among the same there is evidently the blue print to which you referred, a full- 
sized photograph o( which I have pleasure in inclosing, as well aa a copy of the 
letter I received from Mr. Wood, and my reply. 

You will also be interested in knowing tliat Uaiam took out a patent in this country 
in 1893, Specification No. 7305, for "Improvements in fire boxes," a pencil tracing 
of which I inclose. 

In the li^t of this additional information I do not think I can add anything material 
to my letter of the 20tb instant. 
Witi kind regards, 
Yours, truly, 

Geo. Huohbs. 

HoRwicH, March 31, 1908. 
Mr. W. H. Wood, 

Mnffiitur, Media, Ddaware County, Pa., U. S. A. 
Dbab Sib: I am much obliged to you for your letter of the 18th March and inter- 
esting incloBures. 

The experience I have had with fit«el fire boxes and corrugated flues for locomotives 
is such that would not warrant me in taking the matter up. 

It is a somewhat curious coincidence that I should bear the same name as the 
gentlemiui you met 30 years ago. I had not the pleasure of knowing him beyond 
repute, and I understand that he has been dead for some years. 
Yours, truly, 



Media, Pa., March 18. 1908. 

■e Ry. Co., 
Horwkh, lAmcMhire, England. 
Mt Dbab Sir: I have come across a print of one of your boilers over here and have 
taken the liberty of having my draughteoiaD show in it one of my patent locomotive 
fire boxes and tube plates. 

I know that you are interested in improvements, and will be pleased to know that 
I am building three of the largest consolidation boilers for the New York Central 
lines of this plan, the boilers of which are 80 inches diameter, it-inch plates, and 
have 458, 3-inch tubes, 16 inches long. They are about the lowest locomotive boilers 
used in this country. 

I am also building a fire box and tube plat« for an Atlantic standard type of boiler 
for the Union Pacific Railroad Co. 

. The question of my getting up this fire box came about by attending the different 
mechanical conventions of the railroad people in this country in regard to what 
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difficulties they had to contend with, aad being the recognized father and builder 
of hydraulic riveting and flanging machinery in this country, I was asked if I could 
not get up sometlung that would aadst them in overcoming the difficuMee they Imve 
to contend with, and tiua is the outcome, which has been very favorably received, 
poembly on account of my reputation, by a large nomber of engineers, and is being 
urged by all the railroad presidents in this country on account of the cost of repairs 
to fire boxes and tube plates, as at present constructed, which is a very costly affair. 

I wish to inform you that I had the pleasure of being introduced to you by Mr. 
Richard Ackley, and at that time I had quite a talk with you in the drawing office 
at Miles Platting; this was some time before I left England. Your Mr. Richard 
Ackley was one of my father's (James Wood) apprentices, and Mr. Jenkins, the 
eenior superintendent of motive power of your road, was a great friend of my father's, 
as well as his family. Possibly you might remember me, and again you might not. I 
left Manchester 29 years ago. I sincerely hope I may have the pleasure of meeting 
you again. 

It will certainly be a sreat pleasure to have you write me a few lines as to what 
you think of my improvements, and I assure you my plans have the indorsements of 
a large number of leading engineers here. 

There is no doubt in my mind steel fire boxes and tube plates made in this form can 
be used by you good people, same as we use them here. You certainly have no worse 
water conditions to contend with than there is in this counby. Prom the knowledge 
I have of England, I would presume my statements would be verified. 

In the meantime I wish to extend to you jny very kind regards, and hoping this will 
find you in the best of health, I am. 
Yours, very truly, 

(Signed) W. H. Wood. 

( ) 
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